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VOLTAGE BOOST CIRCUITRY FOR RADIO
SYSTEMS

This application 1s a U.S. National Stage Application of
International Patent Application No. PCT/CN2021/080381,
filed on Mar. 12, 2021, and fitled “VOLTAGE BOOST

CIRCUITRY FOR RADIO SYSTEMS”, the contents of
which are icorporated herein by reference.

BACKGROUND

Demand for increased wireless communication has con-
sequently increased the need for faster and more reliable
communications technologies. Cellular communications are
no exception: whereas traditional cellular communication
systems 1nstalled both baseband and radio equipment at the
bottom of a cell tower, contemporary systems now have the
radio equipment 1nstalled at the top of a cell tower. In these
systems, a cable delivers direct current (DC) electrical
power from a DC power source to the radio equipment to
power the radio equipment so that 1t can function at the top
of the tower.

Cell towers can vary widely 1n height, but typically extend
more than two hundred feet tall. Demand for more sophis-
ticated communications technology, such as 5G technology,
and increased amounts of data transmitted by the radio
equipment have also resulted 1 a higher DC power con-
sumption by radio equipment. As a result, these systems
require cables having significant length and delivering high
amounts ol DC power to the radio equipment at the top of
the cell tower. In delivering power to the radio equipment,
the resistance of the cable causes a voltage drop proportional
to the current drawn through the cable, and a dissipative
power loss 1n the cable proportional to the square of the
current. If the voltage drop results 1n a DC voltage at the
input of the radio equipment that 1s below a minimum
voltage level required for the radio equipment to operate, the
radio equipment becomes non-operational and causes unde-
sirable loss of service to wireless operators utilizing the
cellular communication system.

The DC power source often includes a backup power
source, for example at least one battery, to provide DC
power 1n the event a primary power source fails, e.g., due to
clectrical blackouts and brown outs.

A battery has a finite amount of stored charge. Further, the
battery voltage diminishes as battery charge 1s depleted. IT
the battery voltage drops below a certain voltage level, the
voltage at the DC voltage at the input of the radio equipment
talls below the minimum voltage level required for the radio
equipment to operate. The power dissipated in the cable
undesirably accelerates battery voltage decline.

SUMMARY

In one embodiment, a system 1s provided. The system
comprises mmput conductors configured to receive an input
direct current (DC) voltage from one of a non-battery DC
power source and at least one battery. The system further
comprises output conductors configured to provide an out-
put DC voltage to a first end of a power cable electrically
coupled to a radio. The system further comprises processing
circuitry coupled to the input conductors. The system further
comprises voltage boost circuitry electrically coupled to the
input conductors and configured to generate a boosted DC
voltage from the received DC voltage. The system further
comprises first switch circuitry electrically coupled to the
voltage boost circuitry. In a first configuration of the first
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2

switch circuitry an unboosted DC voltage 1s provided at the
output conductors, wherein the unboosted voltage 1s sub-
stantially equal to the mput DC voltage. In a second con-
figuration of the first switch circuitry the boosted DC voltage
1s provided at the output conductors. The processing cir-
cuitry 1s further configured to receive a signal indicative of
whether the 1nput DC voltage received by the input conduc-
tors 1s from the at least one battery or 1s from the non-battery
DC power source. The processing circuitry 1s further con-
figured to configure the first switch circuitry in the first
configuration when the signal indicates that the input DC
voltage 1s from the non-battery DC power source, and to
configure the first switch circuitry 1n the second configura-
tion when the input DC voltage 1s from the at least one
battery.

DRAWINGS

Understanding that the drawings depict only exemplary
embodiments and are not therefore to be considered limiting
in scope, the exemplary embodiments will be described with
additional specificity and detail through the use of the
accompanying drawings, i which:

FIG. 1 illustrates a block diagram of one embodiment of
a voltage boost system configured to provide a boosted DC
voltage when the voltage boost system receives DC voltage
from a battery;

FIG. 2 illustrates a block diagram of one embodiment of
a voltage boost system including a single pole double throw
(SPDT) switch and voltage measurement circuitry config-
ured to measure an mmput DC voltage of the voltage boost
system;

FIG. 3 illustrates a block diagram of one embodiment of
a voltage boost system 1n which the switch circuitry includes
a single pole single throw (SPST) switch and a diode;

FIG. 4 1llustrates a flow diagram of one embodiment of a
method of boosting a DC voltage when the DC voltage 1s
provided by a battery; and

FIG. 5 1llustrates a flow diagram of one embodiment of a
method of boosting an mput DC voltage based on whether
the mput voltage 1s below a threshold value.

In accordance with common practice, the various
described features are not drawn to scale but are drawn to
emphasize specific features relevant to the exemplary
embodiments.

DETAILED DESCRIPTION

In the following detailed description, reference 1s made to
the accompanying drawings that form a part hereotf, and in
which 1s shown by way of illustration specific illustrative
embodiments. However, i1t 1s to be understood that other
embodiments may be utilized and that logical, mechanical,
and electrical changes may be made. Furthermore, the
method presented 1n the drawing figures and the specifica-
tion 1s not to be construed as limiting the order 1n which the
individual steps may be performed. The following detailed
description 1s, therefore, not to be taken 1n a limiting sense.

When at least one battery 1s used to provide DC power to
a radio system, boosting the DC voltage of the at least one
battery reduces current drawn from the at least one battery
through the cable by the radio, and hence beneficially
reduces both the voltage drop and power dissipation 1n the
cable. As a result, battery charge dissipation 1s reduced, and
battery lifetime 1s extended.

Voltage boosting circuitry 1s not perfectly eflicient. A
finite power 1s dissipated by such voltage boosting circuitry.
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Optionally, the power dissipated may range from one to five
percent of DC power supplied to the voltage boosting
circuitry. Although voltage boosting circuitry has been sug-
gested for use when using a primary power source, €.g., a
non-battery power source (for example an AC/DC power
supply), the mefliciencies of the voltage boosting circuitry
may be substantially equal to or even greater than a cable
power dissipation reduction produced from the boosted DC
voltage provided by the voltage boosting circuitry.

Techniques are described herein for boosting a DC volt-
age only when DC power 1s provided from at least one
battery (batter(ies)). The embodiments described herein
extend time during which the batter(ies) can provide useable
power to a radio system. As a result, fewer or smaller
batter(ies) may be used and/or life of the batter(ies) 1s
extended (and the batter(ies) may be replaced less often).
Thus, radio system cost 1s diminished.

FIG. 1 1llustrates a block diagram of one embodiment of
a system 100 including voltage boost system configured to
provide a boosted DC voltage when the voltage boost
system receives DC voltage from batter(ies). The system
100 includes a non-battery power source 104 that generates
DC voltage but that does not generate DC power using a
batter(ies). For pedagogical explanation, primary power
source (or non-battery power supply) 104 1s described as an
alternating current (AC) to DC (AC/DC) power supply, but
may alternatively be or include other types ol non-battery
DC power sources such as solar cells. System 100 further
includes at least one battery (batter(ies)) 106, powered
equipment 108, a voltage boost system (voltage boost sys-
tem circuitry) 102, and a radio 116.

The radio 116 may be a remote radio head (RRH), an
active antenna unit (AAU), a remote antenna unit (RAU), or
any other type of radio. DC power 1s electrically coupled
from the voltage boost system 102 to the radio 116 through
a power cable 120. The powered equipment 108 1s electrical
equipment, cooling equipment, etc., geographically proxi-
mate to the AC/DC power supply and/or the batter(ies) and
not geographically proximate to the radio 116. Optionally,
the AC/DC power supply 104, batter(ies) 106, and powered
equipment 108 may reside 1n a common enclosure. The
powered equipment 108 1s electrically powered by the
AC/DC power supply and/or the batter(ies) 106.

The powered equipment 108 can be configured to receive
DC wvoltage from AC/DC power supply 104 and/or
batter(ies) 106 on a separate bus than that of voltage boost
system 102. In this dual-bus configuration, AC/DC power
supply 104 and/or batter(ies) 106 can provide DC voltage to
both voltage boost system and powered equipment 108.
Powered equipment 108 1s configured to distribute power to
other devices or systems within radio system 100 except for
radio 116. In some embodiments, powered equipment 108
can 1nclude a baseband unit (BBU) and optionally cooling
equipment. In some embodiments, powered equipment 108
1s located 1n the same enclosure or proximate to voltage
boost system 102 at the base of the cell tower. A dual-bus
configuration, particularly one in which aggregates powered
equipment 108 in the same enclosure, reduces the space
occupied by radio system 100, which provides an advantage
in radio systems with limited free space. Additionally, the
multi-bus configuration can reduce circuit complexity by
distributing DC voltage in a centralized fashion rather than
through independent power systems.

The voltage boost system 102 comprises voltage boost
circuitry 114, processing circuitry 112, switch circuitry 118,
input conductors 102A, and output conductors 102B.
Optionally, the voltage boost circuitry 114 may be imple-
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4

mented by DC-DC boost converter circuitry or DC-DC buck
boost converter circuitry. In some embodiments, voltage
boost circuitry 114 1s configured to generate a predetermined
boost voltage, for example, by generating a voltage level of
-6 VDC 1n addition to the mput voltage recerved by the
batter(ies) 106. Optionally, the processing circuitry 112 1s
configured to store and provide data (indicative of a prede-
termined boost voltage configured to be provided at output
conductors 102B of the voltage boost system 102, e.g., at the
output of the voltage boost circuitry 114) to the voltage boost
circuitry 114. For example, 11 the batter(ies) 106 provide a
-48 VDC voltage, the voltage boost circuitry 114 generates
a boosted output voltage of —54 VDC. In other embodi-
ments, voltage boost circuitry 114 1s configured to generate
a varied output voltage dependent upon the resistance and
current through the output conductors 102B (and thus
through the power cable 120). For example, processing
circuitry 112 may include resistance measuring circuitry and
current measuring circuitry (not shown in FIG. 1) to measure
the current and resistance of power cable 120. Optionally,
the resistance of the power cable 120 may be provided by a
user or another system or otherwise determined by the
processing circuitry 112, and stored 1n the processing cir-
cuitry 112. In this embodiment, the processing circuitry 112
1s Turther configured to determine the output voltage of the
voltage boost system 102 based on the current measurement,
the resistance, and a voltage associated with the DC 1nput of
the radio (e.g., a minimum, a maximum, a nominal, or a
desired radio mput DC operating voltage), and communi-
cates the determined output voltage to the voltage boost
circuitry 114. Accordingly, processing circuitry 112 can
dynamically adjust the DC voltage output generated by
voltage boost circuitry 114 as the current drawn by the
power cable 120 changes. For purposes of clarity, optionally,
the voltage boost circuitry 114 may provide a voltage at its
output that 1s equal to the voltage provided by the batter(ies)
106. When the voltage boost system 102 boosts the voltage
provided by the batter(ies) 106, the current drawn from the
batteries through the power cable 120 1s diminished, and life
of the batter(ies) 106 1s extended.

The voltage boost provided by voltage boost circuitry 114
can depend on other factors as well. In one embodiment,
voltage boost circuitry 114 1s configured to generate a
boosted DC voltage that does not result 1n a DC voltage level
at a DC voltage mput of the radio 116 1n excess of the
maximum DC input voltage limit of radio 116. The maxi-
mum DC imput voltage limit of the radio 116 can be
considered a prion1 during installation and stored in the
processing system 112 so that voltage boost circuitry 114
generates a voltage at 1ts output that does not exceed the
maximum DC iput voltage limit. If the DC voltage pro-
vided at the DC input of the radio 116 exceeds the maximum
DC 1nput voltage limit, then the radio 116 may be damaged.
When the voltage boost circuitry 114 generates a fixed,
predetermined or a dynamic boost voltage, the output volt-
age of the voltage boost system 102 can be limited so that
the voltage at the DC input of the radio 116 does not exceed
a voltage level that 1s less than the maximum DC input
voltage limit by an oflset voltage, where the offset voltage
may be any voltage equal to or greater than zero.

The processing circuitry 112 1s electrically coupled to the
input conductors 102A, the voltage boost circuitry 114, and
the switch circuitry 118. The processing circuitry 112 1s
configured to detect whether the DC power 1s being supplied
by the batter(ies) 106 or the AC/DC power supply 104, and
to change a setting of the switch circuitry 118 so that
respectively either the AC/DC power supply 104 1s electri-
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cally coupled to the output conductors 102B or an output of
the voltage boost circuitry 114 1s electrically coupled to the
output conductors 102B. Optionally, the processing circuitry
112 1s configured to determine whether the primary DC
power source or the batter(ies) 106 are providing DC power
by measuring a voltage across the input conductors 102A; in
such a case, optionally, the processing circuitry 112 com-
prises voltage measurement circuitry coupled to the input
conductors 102 A and configured measure the voltage across
the input conductors 102A. Optionally, the processing cir-
cuitry 112 1s further configured to power up and power down
the voltage boost circuitry 114, and/or to set an output
voltage of the voltage boost circuitry 114. Optionally, the
processing circuitry 112 can power down the voltage boost
circuitry when the DC power 1s provided from the AC/DC
power supply 104, and thus not the batter(ies) 106.

System 100 can be a radio system that communicates
radio frequency (RF) signals to user equipment (UE). For
pedagogical purposes, the system 100 shall be heremafter
referred to as a radio system. The radio system can be part
of various types of radio networks, such as a radio access
network (RAN) or other types of radio networks. A radio
network may be a cellular base station or a fixed wireless
access radio station. The radio network i1s configured to
facilitate wireless communications with user equipment
(UE) and/or consumer premises equipment (CPE). A radio
network comprises at least one radio system.

The AC/DC power supply 104 generates a direct current
(DC) voltage from a received alternating current (AC)
voltage. The AC/DC power supply 104 may also be referred
to as a rectifier. In the embodiment shown in FIG. 1, the
AC/DC power supply 104 acts as the primary or main source
of DC power 1n the system 100, and may be configured to
generate a predetermined voltage that 1s recerved at an input
of the voltage boost system 102. For example, 1n an embodi-
ment AC/DC power supply i1s configured to generate a
voltage of -54 VDC. However, other voltages may be
supplied, such as —-48 VDC.

Many radio systems implement positive ground systems
wherein the voltage supplied 1s defined as a negative volt-
age; that 1s, with reference to a ground defined as OV. The
ground may further be referenced as a “return” or “com-
mon”. When considering the DC voltage adjustment in
system 100 and in other embodiments described herein,
words such as a “higher DC voltage”, “greater DC voltage”,
“increased DC voltage”, or analogous terms, mean a DC
voltage that has a greater absolute value from ground,
regardless of whether the voltage supplied 1s positive or
negative. This means that a DC voltage of +52 VDC 1s
greater than a DC voltage of —-40 VDC, but also that a
voltage of =52 VDC 1s greater than a DC voltage of —40
VDC because the absolute value of =52 i1s greater than the
absolute value of -40. DC voltage will be expressed as
negative throughout the disclosure for pedagogical reasons
understanding that positive values also fall within the scope
of the disclosure.

Voltage boost system 102 includes mput conductors 102A
configured to receive DC voltage from AC/DC power supply
104, and/or battery 106. Voltage boost system 102 further
includes output conductors 102B configured to output DC
voltage to a first end of power cable 120. The voltage boost
system 102 can comprise any device or circuitry configured
to generate a boost DC voltage from a received voltage
input.

Depending on various circumstances, AC/DC power sup-
ply 104 may output a reduced DC voltage. For example,
during sudden blackout events, AC/DC power supply 104
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stops providing any power. In other circumstances, e.g.,
during a brownout, the AC/DC power supply 104 generates
reduced DC voltage that after a given set of time falls below
a minimum necessary limit for system 100 to remain func-
tional. When AC/DC power supply 104 generates reduced
DC voltage, the current drawn by power cable 120 increases

when DC power consumed by radio 116 remains constant.
When the DC voltage supplied by AC/DC power supply 104
drops to critical levels, e.g., levels that may cause damage or
render it 1noperable, it may preemptively shut down for a
temporary period of time. Ordinarily, shutting down AC/DC
power supply 104 would cut off DC voltage to the rest of
system 100; that 1s, through voltage boost system 102, radio
116, and powered equipment 108, and thus render system
100 1noperable until AC/DC power supply 104 can generate
suflicient voltage.

To prevent shutdown of the radio 116, the batter(ies) 106
clectrically coupled to the AC/DC power supply 104 1n
parallel are configured to generate a suitable DC voltage
when AC/DC power supply 104 fails to supply at least a
threshold voltage level. Put another way, battery 106 1s
configured to provide a DC voltage to voltage boost system
102 when AC/DC power supply 104 output voltage falls
below the threshold voltage level (for example, a voltage
level that results 1n a voltage provided at the DC power input
of the radio 116 that 1s at least the minmimum operating
voltage required by the radio 116 for the radio 116 to
operate). Optionally, the batter(ies) 106 have a —48 V
voltage when fully charged. For purposes of clarity, because
a voltage can be characterized as current measured through
a resistor of known resistance, measurements may be of
current (rather than a voltage as described herein) and a
threshold level may be a current threshold level (rather than
a voltage threshold level as described herein); voltage mea-
surements and voltage threshold levels are illustrated herein
for pedagogical purposes.

Thus, the switch circuitry 118 1s configured so that in one
configuration (e.g., a first configuration) voltage boost sys-
tem 102 outputs the DC voltage (from the AC/DC power
supply 104) that 1s not boosted by voltage boost circuitry 114
(an unboosted voltage), while 1n another configuration (e.g.,
a second configuration) voltage boost system 102 outputs
the boosted voltage. Unboosted voltage means a voltage
equal to the mput DC voltage provided to the mput conduc-
tors 102A less any losses i coupling the mput DC voltage
through switch circuitry, conductors, and any other compo-
nents of the voltage boost system 102; the unboosted voltage
1s substantially equal to the mput DC voltage. Optionally,
the output voltage at the output conductors 102B of voltage
boost system 102 (unboosted or boosted) should deliver a
voltage at the DC mput of the radio 116 that 1s above a
minimum voltage level necessary for operation of radio 116
(accounting for a voltage drop in the power cable 116)
and/or below a maximum voltage level of the radio 116.

The first configuration enables voltage boost system 102
to output the voltage received from AC/DC power supply
104 when the AC/DC power supply 104 provides suflicient
voltage to radio 116. This can be accomplished via threshold
comparison. For example, processing circuitry 112 can be
configured to detect (e.g., via voltage measuring circuitry or
a recerved signal) whether the voltage at the iput conduc-
tors 102 A of voltage boost system 102 1s below a threshold
voltage level. If not, processing circuitry 112 determines that
the DC voltage 1s provided by the main power source
AC/DC power supply 104 and thus configures switch cir-
cuitry 118 1n the first configuration.
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But, when the input voltage falls below the threshold
voltage level, (when the switch circuitry 1s in the first
configuration) then the DC voltage 1s provided by AC/DC
power supply 104 1s insuilicient. Accordingly, processing
circuitry 112 configures switch circuitry 118 to operate in the
second configuration so that voltage boost system 102
outputs the boosted DC voltage generated by voltage boost
circuitry 114, where the voltage boost circuitry 114 1is
powered by batter(ies).

Switch circuitry 118 includes any suitable switches and
switching circuitry or combination thereof configured to
switch between the first and second configurations. This may
include (but not limited to): single pole single throw (SPST),
single pole double throw (SPDT), and double pole double
throw (DPDT) switches. The switch circuitry may be imple-
mented by field eflect transistor (FET) switch(es) and/or
other transistor type(s), switch array(s), diode(s), and/or
other circuit element(s). Some exemplary representations of
switch circuitry 118 are illustrated i FIGS. 2-3, though
switch circuitry 118 can be implemented other ways as well.

As shown 1n system 100 and as described above, pro-
cessing circuitry 112 1s coupled to voltage boost circuitry
114 and switch circuitry 118. Processing circuitry 112 may
include any one or combination of processors, microproces-
sors, digital signal processors, application specific integrated
circuits, field programmable gate arrays, and/or other similar
variants thereof. Processing circuitry 112 may also include,
or function with, software programs, firmware, or other
computer readable instructions for carrying out various
process tasks, calculations, and control functions, used 1n the
methods described below. These 1nstructions are typically
tangibly embodied on any storage media (or computer
readable media) used for storage of computer readable
istructions or data structures, and can include any available
storage media (or computer readable medium) that can be
accessed by a general purpose or special purpose computer
Or processor, or any programmable logic device. Suitable
computer readable media may include storage or memory
media such as semiconductor, magnetic, and/or optical
media, and may be embodied as storing instructions in
non-transitory computer readable media, such as random
access memory (RAM), read-only memory (ROM), non-
volatile RAM, electrically-erasable programmable ROM,
flash memory, or other storage media. The memory may also
include one or more databases to store acquired data.

Optionally, the processing circuitry 112 may include
voltage measurement circuitry to measure the iput voltage
at the mput of voltage boost system 102. Alternatively, the
voltage measurement circuitry 1s embodied as a separate unit
that 1s coupled to processing circuitry 112 and configured to
send voltage measurements to the processing circuitry (such
as the embodiments shown in FIGS. 2-3). Optionally, the
voltage measurement circuitry 1s configured to measure a
voltage at output conductors 102B so that the output voltage
can be adjusted (e.g. by adjusting the boosted voltage level
at the output conductors 102B). Using the mput voltage
measurements, processing circuitry 112 determines whether
the mput voltage 1s provided by the main power source (e.g.,
AC/DC power supply 104) or batter(ies) 106. For example,
processing circuitry 112 can compare the mput voltage
measurements to a threshold voltage level, as described
above. If the mput voltage measurements are below the
threshold voltage level, then processing circuitry 112 con-
figures switch circuitry 118 to provide the boosted voltage
output to power cable 120.

Optionally, the processing circuitry 112 can further acti-
vate or deactivate voltage boost circuitry 114 based on
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whether the input voltage measurements are below the
threshold voltage level. I processing circuitry 112 deter-
mines that the input voltage measurements are below the
threshold voltage level, the processing circuitry 112 can
activate voltage boost circuitry 114 to boost the 1nput
voltage (e.g., about when the switch circuitry 118 15 con-
figured to be set in the second configuration from the first
configuration). However, 1f processing circuitry 112 deter-
mines that the mput voltage measurements later reach sui-
ficient levels (e.g., the measurements are above the threshold
voltage level), then processing circuitry 112 can optionally
deactivate (e.g., cease powering or alternatively disable
voltage boost functionality) voltage boost circuitry 114 to
stop boosting the input voltage (e.g., about when the switch
circuitry 118 1s configured to be set to the first configuration
from the second configuration). Therefore, voltage boost
circuitry 114 can be active only when needed instead of
constantly boosting the DC Voltage even when such boost-
ing would be unnecessary and nethicient because the output
conductors 102B are not electrically coupled to the radio
116. In controlling voltage boost circuitry 114 to be active
only when required (that 1s, only when needed to boost the
DC voltage to power cable 120), system 100 can implement
voltage boost circuitry while reducing the costs that are
incurred through utilizing wvoltage boost functionality.
Optionally, processing circuitry 112 configures voltage
boost circuitry 114 1n a standby-by mode (e.g., a low-power
mode) rather than deactivating voltage boost circuitry 114
when the mnput voltage measurements are above the voltage
threshold level.

The voltage threshold level 1s used to determine whether
voltage boost circuitry 114 generates a boosted DC voltage
1s determined based on the mput voltage provided by the
AC/DC power supply 104 and batter(ies) 106. In some
embodiments, the DC voltage provided from AC/DC power
supply 104 differs from the DC wvoltage provided by
batter(ies) 106. In some embodiments, AC/DC power supply
104 generates a higher DC voltage than batter(ies) 106, 1n
which case the threshold should be set at a value below the
voltage provided by AC/DC power supply 104. For
example, AC/DC power supply 104 may provide a voltage
of —=54 VDC, which for pedagogical reasons 1s assumed to
provide a voltage at the DC mput of the radio 116 even when
the radio 116 1s drawing maximum current (and thus there 1s
a maximum voltage drop 1n the power cable 120). At some
point AC/DC power Supply 104 1s unable to provide suili-
cient output voltage, in which case the batter(ies) 106 are
configured to provide power, through the voltage boost
system 102, to the radio. Optionally, the batter(ies) 106
provides —52 VDC to voltage boost system 102. Thus, using
the foregoing examples of AC/DC power supply 104 and
batter(ies) 106 output voltage, the threshold voltage level
can be set between —54 VDC and -52 VDC since a voltage
below -54 VDC signifies that the mput voltage 1s not
provided by AC/DC power supply 104, but instead by
batter(ies) 106. Alternatively, batter(ies) 106 can provide the
same DC voltage as AC/DC power supply 104 (in this
example, -54 VDC), but after some period of time the
voltage drops to a lower voltage (e.g., =50 VDC) as
batter(ies) 106 loses charge. In this case, the threshold
voltage level can be set to a value of =50 VDC to compen-
sate for when batter(ies) 106 loses too much charge. Des-
ignating the threshold as described above enables voltage
boost system 102 to determine when DC voltage 1s provided
by batter(ies) 106 instead of AC/DC power supply 104 and
boost the DC voltage to compensate for reduced input
voltage.
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In some embodiments, the mput voltage measurements
may be compared with multiple thresholds, such as a first
voltage level threshold and a second voltage level threshold,
to diminish, e.g., avoid, chattering between the first and the
second configurations. For example, 1if the mput voltage
measurements are below the first voltage level threshold,
then the switch circuitry 118 1s configured to be set to the
second configuration from the first configuration and the
voltage boost system 102 provides a boosted voltage output
at the output conductors 102B. When the mput voltage
measurements rise above a second threshold, the switch
circuitry 118 1s configured to be set to the first configuration
from the second configuration and the voltage boost system
102 provides an unboosted voltage at the output conductors
102B. In some embodiments, the first and second thresholds
are equal; that 1s, the threshold used to compare input
voltage measurements 1s the same.

Voltage boost system 102 outputs the boosted or
unboosted voltage to the output conductors 102B, and this 1s
configured to provide the boosted or unboosted voltage to a
first end (or voltage boost system end) of power cable 120.
In some embodiments, the length of power cable 120 can be
very large and extend hundreds of feet long. Although not
shown 1n FIG. 1, voltage boost system 102 can connect to
multiple power cables 120 that are each connected to
multiple radios 116 at the second end of the power cables.
The radio can be located at the top of a cell tower and
configured to communicate radio frequency (RF) signals to
user devices in the radio system 100 via one or more
antennas communicatively coupled to the radio.

Optionally, system 100 includes second switch circuitry
130 coupled to the outputs of the AC/DC power supply 104
and batter(ies) 106. In this exemplary embodiment, optional
second switch circuitry 130 1s configured to switch between
the outputs ol non-battery power source 104 and batter(ies)
106, and provide DC power, at the input conductors 102A,
to the voltage boost system 102. Thus, with this option, only
one of the AC/DC power supply 104 and the batter(ies) 106
1s configured to be electrically coupled to the mput conduc-
tors 102A at any one time. The second switch circuitry 130
1s optionally configured to also allow the AC/DC power
supply 104 to charge the batter(ies) 106.

When second switch circuitry 130 detects that DC voltage
1s provided by AC/DC power supply 104 1s below a thresh-
old voltage level, second switch circuitry 130 switches to
provide the DC power from batter(ies) 106, instead of from
the AC/DC power supply 104, to voltage boost system 102.
When second switch circuitry 130 detects that DC voltage 1s
provided by AC/DC power supply 104 is above a threshold
voltage level, second switch circuitry 130 switches to pro-
vide the DC power from the AC/DC power supply 104,
instead of from batter(ies) 106, to voltage boost system 102.
Optionally, the second switch circuitry 130 may include
voltage measurement circuitry similar to that described
clsewhere herein. Further, the second switch circuitry may
use one or more threshold levels as described elsewhere
herein.

Second switch circuitry 130 1s further configured to send
a signal (e.g. a first signal S1) to the voltage boost system
102, e.g., to the processing circuitry 112, indicating the
source of DC power (e.g., the AC/DC power supply 104 or
batter(ies) 106) provided by the second switch circuitry 130.
For example, the signal may indicate a type of DC power
source, or a voltage level. Based upon the signal, the switch
circuitry 118 1s configured to be in the first or second
configuration by the processing circuitry 112, e.g. by send-
ing a second signal S2 to switch circuitry 118. If in the
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second configuration, optionally, the voltage boost circuitry
114 1s activated, e.g., by a third signal S3 sent from the
processing circuitry 114. If 1n the first configuration, option-
ally, the voltage boost circuitry 114 1s deactivated or placed
in a low power consumption mode. When deactivated, the
voltage boost circuitry 114 cannot provide voltage boosting.
In the low power consumption mode, the voltage boost
circuitry 114 does not perform voltage boosting but may
perform other operations such as providing data about its
operation, e.g., nput and output voltage levels, etc. When,
activated, the voltage boost circuitry 114 can provide volt-
age boosting.

FIG. 2 illustrates a block diagram of one embodiment of
a voltage boost system including a single pole double throw
(SPDT) switch. Voltage boost system 202 functions simi-
larly to voltage boost system 102 described above with
respect to FIG. 1. That 1s, voltage boost system 202 1s
configured to receive a DC voltage from a DC power source,
such as an AC/DC power supply 104 or the batter(ies) 106.
Voltage boost system 202 1s also configured to output a
unboosted voltage when the DC power source 1s the primary
power source, such as the AC/DC power supply, and to
output a boosted voltage when the DC power source 1s the
batter(ies) 106. Voltage boost system 202 1s further config-
ured to output the unboosted or boosted voltage to a radio as
described above.

In FIG. 2, the processing circuitry 212 comprises optional
voltage measurement circuitry 220 and a bypass conductor
230. The optional voltage measurement circuitry 220 1s
configured to measure the voltage across the input of voltage
boost system 202; alternatively, the processing circuitry 212
1s configured to receive a signal from an external component
(external voltage measurement circuitry or the second
switch circuitry described elsewhere herein). Processing
circuitry 212 determines the configuration of the switch
circuitry 218 based upon voltage measurements or a
received signal indicating type of source of DC power (e.g.,
batter(ies) 106 or AC/DC power supply 104) as described
clsewhere herein. The processing circuitry 212 1s configured
to set the configuration of the switch circuitry 218 and
voltage boost circuitry 214 based upon such voltage mea-
surements or received signal as further described elsewhere
herein.

Specifically, in the embodiment shown 1n FIG. 2, switch
circuitry 218 includes a SPDT switch coupled to the output
of voltage boost circuitry 214. One mnput 1s connected to the
output of voltage boost circuitry 214, while the other mput
1s connected to a bypass conductor 230. When processing
circuitry 212 determines that the DC power source providing
DC voltage Vin 1s the AC/DC power supply, 1t switches the
SPDT switch as shown 1 FIG. 2 and connects the output
234 of voltage boost system 202 to the bypass conductor
230. This configuration creates a closed circuit between the
Vin input connection and the output 234 of voltage boost
system 202 so that the unboosted voltage Vin 1s provided to
a power cable. Thus, the voltage at the output conductors
202B 1s substantially equal to the voltage at input conductors
202A. Meanwhile, the output 236 of voltage boost circuitry
214 1s left open, creating an open circuit and preventing
current from flowing through to the output of voltage boost
system 202. Thus, processing circuitry 212 can deactivate
voltage boost circuitry 214 while 1n this configuration to
reduce operation costs and generate boost voltage only when
the voltage falls below the mput voltage threshold.

Alternatively, processing circuitry 212 switches the SPDT
switch 218A so that the output 234 of voltage boost system
202 connects to the mput corresponding to the output 236 of
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voltage boost circuitry 214. This creates a closed circuit with
Vout connection 234 and the output 236 of voltage boost
circuitry 214, which when activated, enables an eflective
output voltage equal to the input voltage plus an additional
DC voltage boost generated by voltage boost circuitry 214.
In some embodiments, other electrical components (e.g.,
filters, overcurrent protection circuitry, circuit breakers, or
surge arrestor circuitry) may be present in voltage boost
system 202, for example, at Vout connection 234. Option-
ally, additional switch circuitry may be coupled to the mput
of voltage boost circuitry 114 (not shown in FIG. 2). In this
embodiment, the switch circuitry may configure the Vin
connection 232 to the bypass conductor 230 when voltage
boost circuitry 214 1s not 1n use, and may configure the Vin
connection 232 to the mput of voltage boost circuitry 214
when voltage boost circuitry 214 1s activated.

FIG. 3 1llustrates a block diagram of one embodiment of
voltage boost system 1n which the switch circuitry includes
a single pole single throw (SPST) switch and a diode.
Voltage boost system 302 functions similarly to 1ts counter-
parts described i FIGS. 1-2 with some modifications
described further below.

In FIG. 3, processing circuitry 312 1s coupled to i1solated
voltage boost circuitry 314 optionally through at least one of
an enable and trim connection. Isolated voltage boost cir-
cuitry means the input(s) of the voltage boost circuitry are
physically and/or electrically 1solated from the output(s) of
the voltage boost circuitry, for example, by a transformer
clectrically coupled between the input(s) and output(s).
Though FIG. 3 explicitly recites an 1solated voltage boost
circuitry, voltage boost circuitry 314 can be implemented
using other types of boost circuits as well. Likewise, the
embodiments described 1 FIGS. 1 and 2 can be imple-
mented using 1solated boost circuitry. In some embodiments,
isolated voltage boost circuitry 314 includes an 1solated
DC-DC converter. When 1solated voltage boost circuitry 314
includes an enable input (EN), processing circuitry 312
optionally 1s configured to: (a) send a first control signal to
the enable 1mput activating voltage boost circuitry 314 to
generate a boosted DC voltage when the processing circuitry
312 determines that DC power 1s supplied from the
batter(ies) 106, and (b) send second control signal to the
enable 1nput to activate the voltage boost circuitry 314 when
the processing circuitry determines that the DC power 1s
supplied from the AC/DC power supply 104. Thus, the
voltage at the output conductors 302B 1s substantially equal
to the voltage at input conductors 302A. In some embodi-
ments, an 1solated output voltage (e.g. —6V) 1s generated and
stacked on the mput voltage (e.g. —48V) to get a boosted
voltage (e.g. =54 VDC). When processing circuitry 312
determines that the DC power 1s provided from the AC/DC
power supply 104 (e.g. via optional voltage measurement
circuitry 310), processing circuitry 312 1s configured to send
a first control signal deactivating (or placing in a low power
consumption mode) 1solated voltage boost circuitry 314 via
the enable connection.

When 1solated voltage boost circuitry 314 includes a trim
input (TRIM), processing circuitry 312 1s optionally con-
figured to set the boosted DC voltage generated by 1solated
voltage boost circuitry 314 by providing to the trim input a
value of the amount an iput voltage 1s boosted (to result in
the boosted output voltage) or a boosted output voltage
value. If the voltage boost generated by 1solated voltage
boost circuitry 314 1s mnsuflicient, for example, processing,
circuitry 312 1s configured to send a first control signal via
the trim 1nput that configures voltage boost circuitry 314 to
generate an icreased voltage boost, and vice-versa.
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Processing circuitry 312 determines the configuration of
the switch circuitry 318 based upon voltage measurements
or a recerved signal indicating type of source of DC power
(e.g., batter(ies) 106 or AC/DC power supply 104) as
described elsewhere herein. The processing circuitry 212 1s
configured to set the configuration of the switch circuitry
318 and 1solated voltage boost circuitry 314 based upon such
voltage measurements or received signal as further
described elsewhere herein.

In the embodiment shown 1n FIG. 3, switch circuitry 318
includes a single pole single throw switch (e.g., a field eflect
transistor switch) electrically coupled to a diode D1. Isolated
voltage boost circuitry 314 also differs from voltage boost
circuitry 214 1n that it 1s 1solated voltage boost circuitry, and
thus has an extra mput (V+). The mput V+ 1s configured to
receive the DC voltage provided from Vin. If processing
circuitry 312 determines that the DC voltage source 1s
provided by the batter(ies) 106 instead of the AC/DC power
supply (e.g., that the iput voltage measurements are below
a threshold), then processing circuitry 312 turns on the
switch circuitry 318. Optionally, the processing circuitry 312
activates the 1solated voltage boost circuitry 314. The volt-
age at Vin 1s boosted, the boosted voltage 1s provided at V-,
the processing circuitry 312 causes SPST S1 to be open, and
the diode D1 1s reversed biased (1.e., creating an open circuit
or high impedance) by the boosted voltage at a cathode of
diode D1 and the DC voltage of the batteries at an anode of
the diode D1. As a result, the boosted voltage 1s provided to
the output conductors 302B.

When processing circuitry 312 determines that the DC
power 1s provided by the AC/DC power supply 104, the
processing circuitry turns ofl the switch circuitry 318 and
optionally does not activate (or optionally sets to the low
power consumption mode) the voltage boost circuitry 314.
The processing circuitry 312 causes SPST S1 to be open.
Diode D1 1s forward biased (1.e., creating a low impedance)
by DC voltage of the AC/DC power supply 104 at input V+.
Thus, DC voltage at the output conductors 302B 1s the same
as the DC voltage of the AC/DC power supply 104 at the
input conductors 302A. For purposes of clarity, although the
optional trim and enable mputs are described with respect to
an 1solated voltage boost circuitry 314, the optional trim and
enable mputs may be utilized with respect to other voltage
boost circuitry, e.g., as illustrated 1n FIGS. 1 and 2.

FIG. 4 illustrates a flow diagram of one embodiment of a
method of boosting a DC voltage when the DC voltage 1s
provided by batter(ies). Method 400 may be implemented
via the techniques described with respect to FIGS. 1-3, but
may be implemented via other techmiques as well. The
blocks of the tlow diagram have been arranged 1n a generally
sequential manner for ease of explanation; however, 1t 1s to
be understood that this arrangement 1s merely exemplary,
and 1t should be recognized that the processing associated
with the methods described herein (and the blocks shown 1n
the Figures) may occur 1n a different order (for example,
where at least some of the processing associated with the
blocks 1s performed in parallel and/or 1n an event-driven
manner).

In block 402, receive a signal corresponding to a DC
power source. The signal may indicate a DC voltage level at
input conductors of a voltage boost system or may indicate
a type of DC power source providing the DC voltage at the
input conductors. Optionally, this can include measuring a
DC voltage of a DC power source, for example, through
voltage measurement circuitry. Optionally, the DC voltage
can be measured at an input of a voltage boost circuit. The
voltage boost circuit may form part of the voltage boost
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system as described 1in FIGS. 1-3 for a radio system.
Optionally, the signal can be a signal from e.g., second
switch circuitry.

In block 404, determine whether the DC power source 1s
a battery based upon the recerved signal. If the DC power
source 15 not a battery, then in block 406, provide an
unboosted voltage to a first end of a power cable. The
unboosted voltage corresponds to the voltage provided by
the AC/DC power supply, which in some embodiments, 1s
the primary power supply that generates voltage for the
radio system.

If the DC power source 1s a battery, then in block 408,
generate a boosted voltage. In some embodiments, the
boosted voltage 1s a fixed, predetermined value, while 1n
other embodiments, the boosted voltage 1s generated based
on the resistance and current of the power cable. The boosted
voltage 1s configured to be provided to a radio through a
power cable. In some embodiments, the radio can include a
remote antenna unit, remote radio unit, or activate antenna
unit of a radio distribution system. In block 410, optionally
provide the boosted voltage to the first end of the power
cable.

Method 400 can include additional optional steps as well.
For example, method 400 can optionally provide the DC
voltage to powered equipment (e.g., baseband unit) located
proximately to a voltage boost system in addition to pro-
viding DC voltage to the radio. Also, method 400 may
deactivate voltage boost circuitry (or set the voltage boost
circuitry to operate in a low power consumption mode)
when the input voltage 1s provided by a non-battery power
supply (e.g., when the mput voltage 1s above a second
threshold voltage level), and may activate the voltage boost
circuitry when the mput voltage 1s provided from a non-
battery power supply (e.g., when the input voltage 1s below
the first threshold voltage level). In some embodiments, the
first and second threshold levels are equal.

FIG. 5 1llustrates one embodiment of a method 500 for
boosting an mput voltage based on whether the input voltage
1s below a threshold value. Similar to FIG. 4, FIG. 5 may be
implemented using the techniques described with respect to
FIGS. 1-3 but may be implemented other ways as well.

Method 500 begins at block 502, measure an mput DC
voltage such as the input to a voltage boost system described
above. At block 504, determine whether the measured 1nput
voltage 1s below a first threshold level. If not, then the input
voltage can be provided to a first end of a power cable at
block 510.

If the 1input voltage 1s below a first threshold level, then at
block 506, generate a boosted voltage. In some embodi-
ments, the boosted voltage can be a fixed, predetermined
voltage boost, such as -6 VDC. In other embodiments, the
boosted voltage can by adjusted based on a measured current
and resistance of a power cable. At block 508, determine
whether the boosted voltage 1s above a second voltage level,
which corresponds to a voltage that 1s supplied by a primary
(non-battery) power source. If not, then continue to generate
a boosted voltage at block 506 and reassess at block 508
whether the boosted voltage 1s above the second threshold
level. When the boosted voltage 1s above the second voltage
level, then at block 510, provide the input voltage to the first
end of the power cable. In some embodiments, the second
voltage level 1s hugher than the first voltage level. However,
in other embodiments, the first and second voltage level are
equal.

The processing functions described herein may be per-
formed by one or more microprocessors, microcontrollers,
digital signal processing (DSP) elements, application-spe-
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cific integrated circuits (ASICs), and/or field programmable
gate arrays (FPGAs). Processing circuitry (e.g., control logic

circuitry) may include or function with software programs,
firmware, or other computer readable nstructions for car-
rying out various process tasks, calculations, and control
functions, used in the methods described herein. These
instructions are typically tangibly embodied on any storage
media (or computer readable medium) used for storage of
computer readable 1nstructions or data structures.

The memory functions (e.g. memory circuitry) described
herein can be implemented with any available storage media
(or computer readable medium) that can be accessed by a
general purpose or special purpose computer or processor, or
any programmable logic device. Suitable computer readable
medium may include storage or memory media such as
semiconductor, magnetic, and/or optical media. For
example, computer readable media may include conven-
tional hard disks, Compact Disk-Read Only Memory (CD-
ROM), DVDs, volatile or non-volatile media such as Ran-
dom Access Memory (RAM) (including, but not limited to,
Dynamic Random Access Memory (DRAM)), Read Only
Memory (ROM), Electrically Erasable Programmable ROM
(EEPROM), and/or flash memory. Combinations of the
above are also included within the scope of computer
readable media.

Methods of the mvention can be implemented 1n com-
puter readable instructions, such as program modules or
applications, which may be stored 1n the computer readable
medium that 1s part of (optionally the memory circuitry) or
communicatively coupled to control logic circuitry, and
executed by the control logic circuitry. Generally, program
modules or applications include routines, programs, objects,
data components, data structures, algorithms, and the like,
which perform particular tasks or implement particular
abstract data types.

The terms “about™ or “substantially” mean that the value
or parameter specified may be somewhat altered, as long as
the alteration does not result 1n nonconformance of the
process or structure to the illustrated embodiment from the
perspective of one having ordinary skill in the art. For
instance, unless otherwise indicated, a numerical quantity
modified by the term “substantially” can be altered to within
+20% of the specified value. Finally, the term “exemplary”
merely indicates the accompanying description 1s used as an
example, rather than implying an ideal, essential, or prefer-
able feature of the mvention.

EXAMPLE

EMBODIMENTS

Example 1 includes a system, comprising: iput conduc-
tors configured to receive an input direct current (DC)
voltage from one of a non-battery DC power source and at
least one battery; output conductors configured to provide an
output DC voltage to a first end of a power cable electrically
coupled to a radio; processing circuitry coupled to the input
conductors; voltage boost circuitry electrically coupled to
the input conductors, and configured to generate a boosted
DC voltage from the received DC voltage; and first switch
circuitry electrically coupled to the voltage boost circuitry,
wherein 1n a first configuration of the first switch circuitry an
unboosted DC voltage 1s provided at the output conductors,
wherein the unboosted voltage 1s substantially equal to the
input DC voltage, and wherein 1n a second configuration of
the first switch circuitry the boosted DC voltage 1s provided
at the output conductors, wherein the processing circuitry 1s
turther configured to receive a signal indicative of whether
the mput DC voltage recetved by the mput conductors 1s
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from the at least one battery or 1s from the non-battery DC
power source, and configured to configure the first switch
circuitry in the first configuration when the signal indicates
that the input DC voltage 1s from the non-battery DC power
source, and to configure the first switch circuitry in the
second configuration when the mput DC voltage 1s from the
at least one battery.

Example 2 includes the system of Example 1, wherein the
processing circuitry 1s electrically coupled to the voltage
boost circuitry and 1s further configured to activate the
voltage boost circuitry when the input DC voltage 1s pro-
vided from the at least one battery.

Example 3 includes the system of any of Examples 1-2,
wherein the processing circuitry 1s electrically coupled to the
voltage boost circuitry and wherein the voltage boost cir-
cuitry 1s further 1s configured to generate a boosted DC
voltage at the output conductors that varies based upon a
resistance ol the power cable and a measured current tlow-
ing through the output conductors.

Example 4 includes the system of any of Examples 1-3,
wherein the processing circuitry 1s electrically coupled to the
voltage boost circuitry and 1s further configured to disable
voltage boosting functionality of the voltage boost circuitry
when the input DC voltage 1s provided from the non-battery
DC power source.

Example 5 includes the system of any of Examples 1-4,
wherein the voltage boost circuitry 1s configured to generate
a predetermined boosted DC voltage at the output conduc-
tors.

Example 6 includes the system of any of Examples 1-5,
wherein the signal comprises an electrical parameter indica-
tive of a DC voltage level at the input conductors, wherein
the processing circuitry 1s configured to configure the first
switch circuitry 1n the second configuration when a level of
the electrical parameter 1s lower than a first threshold level,
and wherein the processing circuitry 1s configured to con-
figure the first switch circuitry in the first configuration when
the level of the electrical parameter 1s higher a second
threshold level.

Example 7 includes the system of Example 6, wherein the
first threshold level and the second threshold level are equal.

Example 8 includes the system of any of Examples 1-7,
wherein the processing circuitry 1s configured to receive the
signal from second switch circuitry electrically coupled to
the processing circuitry.

Example 9 includes the system of any of Examples 1-8,
further comprising measurement circuitry electrically
coupled to or mncluded 1n the processing circuitry, wherein
the measurement circuitry 1s configured to measure an
clectrical parameter indicative of DC voltage at the nput
conductors, and wherein the processing circuitry 1s config-
ured to configure the first switch circuitry 1n the second
configuration when the measured electrical parameter is
lower than a first threshold level, and wherein the processing
circuitry 1s configured to configure the first switch circuitry
in the first configuration when the measured electrical
parameter 1s higher than the second threshold level.

Example 10 includes the system of Example 9, wherein
the measured electrical parameter 1s a measured DC voltage
at the mput conductors.

Example 11 includes the system of Example 10, wherein
the processing circuitry 1s configured to activate the voltage
boost circuitry when the measured DC voltage 1s lower than
the first threshold level, and wherein the processing circuitry
1s configured to disable voltage boosting functionality of the
voltage boost circuitry when the measured DC voltage 1s
higher than a second threshold level.
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Example 12 includes the system of Example 11, wherein
the first threshold level and second threshold level are equal.

Example 13 includes the system of any of Examples 1-12,
wherein the voltage boost circuitry comprises an 1solated
voltage boost circuit.

Example 14 includes a method, comprising: measuring a
direct current (DC) voltage of a DC power source; deter-
mining whether the DC power source 1s a battery based upon
the measured DC voltage; upon determining that the DC
power source 1s a battery, then generating a boosted DC
voltage which 1s configured to be provided to a first end of
a power cable electrically coupled to a radio.

Example 15 includes the method of Example 14, further
comprising providing an unboosted DC voltage to the power
cable when the DC voltage 1s not provided by the battery.

Example 16 includes the method of any of Examples
14-15, wherein generating a

boosted DC voltage further comprises generating a pre-
determined boosted DC voltage.

Example 17 includes the method of any of Examples
14-16, wherein generating a boosted DC voltage further
comprises generating the boosted DC voltage based upon a
resistance of the power cable and a measured current tlow-
ing through the power cable.

Example 18 includes the method of any of Examples
14-17, wherein upon determining that the DC power source
1s a battery further comprises determining whether the DC
voltage 1s lower than a first threshold, and generating a
boosted DC voltage when the DC voltage 1s lower than the
first threshold, and providing an unboosted DC voltage
when the DC voltage 1s higher than a second threshold.

Example 19 includes a program product comprising a
non-transitory processor readable medium on which pro-
gram 1nstructions are embodied, wherein the program
instructions are configured, when executed by at least one
processor, to cause the at least one processor to: receive a
first signal indicative of whether a direct current (DC)
voltage at an mput of a voltage boost system 1s provided
from at least one battery or 1s provided from a non-battery
DC power source; and send a second signal to switch
circuitry coupled to the at least one processor based on the
received first signal, wherein the second signal 1s configured
to configure the switch circuitry so that a boosted DC
voltage output 1s provided to a radio through a power cable
when the first signal indicates that the DC voltage 1s pro-
vided by the at least one battery, and an unboosted DC
voltage output 1s provided to the radio through the power
cable when the first signal indicates that the DC voltage 1s
provided by the non-battery DC power source.

Example 20 includes the program product of Example 19,
wherein the first signal comprises an electrical parameter
indicative of a DC voltage level at the mput of the voltage
boost system; and wherein the program instructions are
configured, when executed by the at least one processor, to
further cause the at least one processor to: determine
whether the electrical parameter 1s less than a first threshold
level; and upon determining that the electrical parameter 1s
less than the first threshold level, then send the second signal
to the switch circuitry configuring the switch circuitry so
that the boosted DC voltage output 1s provided to the radio.

Example 21 includes the program product of Example 20,
wherein the program instructions are configured, when
executed by the at least one processor, to further cause the
at least one processor to: upon determining that the electrical
parameter 1s greater than a second threshold level, then send
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the second signal to the switch circuitry configuring the
switch circuitry so that the unboosted DC voltage output 1s
provided to the radio.

Example 22 includes the program product of Example 21,
wherein the first threshold level and the second threshold
level are equal.

Example 23 includes the program product of any of
Examples 20-22, wherein the electrical parameter 1s a mea-
sured DC voltage.

Example 24 includes the program product of any of
Examples 19-23, wherein the program instructions are con-
figured, when executed by the at least one processor, to
turther cause the at least one processor to: when the first
signal indicates that the DC voltage 1s provided by the at
least one battery, send a third signal activating voltage boost
circuitry coupled to the at least one processor to generate the
boosted DC voltage output; and when the first signal 1ndi-
cates that the DC voltage 1s provided by the non-battery DC
power source, send the third signal disabling voltage boost
functionality of the voltage boost circuitry.

Although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary
skill in the art that any arrangement, which 1s calculated to
achieve the same purpose, may be substituted for the specific
embodiments shown. Therefore, 1t 1s manifestly intended
that this invention be limited only by the claims and the
equivalents thereof.

What 1s claimed 1s:

1. A system, comprising:

input conductors configured to receive an input direct

current (DC) voltage from one of a non-battery DC
power source and a battery;

output conductors electrically coupled to a radio through

power conductors including a first end and a radio end,
wherein the radio end 1s electrically coupled to and 1s
by the radio;

processing circuitry coupled to the mput conductors;

voltage boost circuitry electrically coupled to the input

conductors, and configured to generate a boosted DC
voltage from the mput DC voltage; and

first switch circuitry electrically coupled to the voltage

boost circuitry, wherein 1n a first configuration of the
first switch circuitry 1s configured to provide an
unboosted DC voltage to the first end of the power
conductors through the output conductors, wherein the
unboosted DC voltage 1s substantially equal to the input
DC voltage, and wherein 1n a second configuration of
the first switch circuitry the first switch circuitry 1s
configured to provide the boosted DC voltage to the
first end of the power conductors through the output
conductors,

wherein the processing circuitry 1s further configured to:

(a) recerve a signal indicative of DC power source, (b)
using the signal, determine whether the DC power
source 1s the battery; (¢) determining that the DC power
source 1s not the battery, then configure the first switch
circuitry 1n the first configuration, and (d) determining
that the DC power source 1s the battery, then configure
the first switch circuitry 1n the second configuration.

2. The system of claim 1, wherein the processing circuitry
1s electrically coupled to the voltage boost circuitry and is
turther configured to activate the voltage boost circuitry
when the mput DC voltage 1s provided from the battery.

3. The system of claim 1, wherein the processing circuitry
1s electrically coupled to the voltage boost circuitry and
wherein the voltage boost circuitry 1s further 1s configured to
generate the boosted DC voltage at the output conductors
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that varies based upon a resistance of the power conductors
and a measured current flowing through the output conduc-
tors.
4. The system of claim 1, wherein the processing circuitry
1s electrically coupled to the voltage boost circuitry and 1s
turther configured to disable voltage boosting functionality
of the voltage boost circuitry when the input DC voltage 1s
provided from the non-battery DC power source.
5. The system of claim 1, wherein the voltage boost
circuitry 1s configured to generate a predetermined boosted
DC voltage at the output conductors.
6. The system of claim 1, further comprising measure-
ment circuitry electrically coupled to or included in the
processing circuitry, wherein the measurement circuitry 1s
configured to measure an electrical parameter indicative of
a DC voltage level at the mput conductors, wherein the
signal comprises the electrical parameter indicative of the
DC voltage level at the input conductors, wherein using the
signal, determine whether the DC power source 1s the
battery comprises using a value of the electrical parameter,
determine whether the DC power source 1s the battery.
7. The system of claim 1, wherein the processing circuitry
1s configured to receive the signal from second switch
circuitry electrically coupled to the processing circuitry.
8. The system of claim 1, wherein the voltage boost
circuitry comprises an isolated voltage boost circuit.
9. A program product comprising a non-transitory pro-
cessor readable medium on which program instructions are
embodied, wherein the program instructions are configured,
when executed by at least one processor, to cause the at least
one processor to perform a process, the process comprising:
recerving a signal indicative of DC power source provid-
ing DC power to a radio through power conductors
including a first end and a radio end, wherein the radio
end 1s electrically coupled to and 1s by the radio;

using the signal, determining whether the DC power
source 1s a battery;
determiming that the DC power source 1s not the battery,
then causing an unboosted DC voltage to be provided
to the first end of the power conductors; and

determiming that the DC power source 1s the battery, then
causing a boosted DC voltage to be provided to the first
end of the power conductors.

10. The program product of claim 9, wherein the signal
comprises an electrical parameter indicative of a DC voltage
level at an put of a voltage boost system; and wherein
using the signal, determine whether the DC power source 1s
the battery comprises using a value of the electrical param-

cter, determine whether the DC power source 1s the battery:
determine whether the electrical parameter 1s less than a
first threshold level; and
determiming that the electrical parameter 1s less than the
first threshold level, then cause the boosted DC voltage
to be provided to the first end of the power conductors.
11. The program product of claim 10, wherein the elec-
trical parameter 1s a measured DC voltage.
12. The program product of claim 9, wherein
determining that the DC power source 1s the battery, then
causing the boosted DC voltage to be provided to the
first end of the power conductors further comprises
activating a voltage boost functionality of voltage boost
circuitry to generate the boosted DC voltage; and
wherein determining that the DC power source 1s not
the battery, then causing the unboosted DC voltage to
be provided to the first end of the power conductors
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turther comprises disabling the voltage boost func-
tionality of the voltage boost circuitry.
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